Background: Whether underweight calves respond differently to transport stress,
globulin concentration was identified as important interfering factor in studies on immune variables in neonatal calves.
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| INTRODUCTION
Neonatal enteritis and pneumonia are the leading causes of morbidity, mortality, and antimicrobial use in calves. [1] [2] [3] Especially in settings where neonatal calves (<4 weeks old) are commingled and transported, antimicrobial use is markedly higher than in closed herds. 4 Transportation is a well-known predisposing factor for bovine respiratory disease (BRD) through acquisition of pathogens by commingling of calves from many different farms as well as through activation of the hypothalamic-pituitary-adrenal axis resulting in increased plasma cortisol concentrations. [5] [6] [7] As a consequence, neutrophil traffic and functions are affected, 5, 6 the protein composition of the pulmonary epithelial lining fluid is altered 8 and alveolar macrophage count in bronchoalveolar lavage fluid is decreased. 9 This suggests a stressinduced increase in respiratory disease susceptibility. Stress responses in calves during or after transport have extensively been studied in cattle ranging from 3 to 14 months old and in particular for longer transport durations (≥4 hours). 5, 6, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Only a few researchers investigated the effects of short transport (from 45 minutes to 4 hours) and only in animals older than 3 months. [21] [22] [23] [24] Despite the fact that millions of male and female dairy calves are transported all over the world between their birth and 4 weeks of age, information about the effects of short transport on these animals is lacking.
Next to transport stress, body weight apparently influences disease susceptibility of preweaned calves. Underconditioned or socalled "underweight" calves are at an increased disease and death risk. 25 Veal calves weighing <43 kg at arrival at 2-4 weeks of age had a higher risk for BRD at the early stage of fattening. 26 This association is probably due to a poorer energy or immunological status impairing the calves' ability to cope with their new environment (housing, climate and feed) and multiple stressors (mixing of unfamiliar animals, handling, transport, restraint, and crowding). 26 This hypothesis is supported by a few studies, which investigated the association between nutritional plane and immune function in young calves. Preweaned calves fed on a lower nutritional plane displayed increased neutrophil responses. 27, 28 Moreover, blood mononuclear leukocytes from calves fed higher planes of nutrition for the first 60 days of life produced lower mitogen-induced interferon gamma and more inducible nitric oxide on day 60 compared with preweaned calves fed a lower energy and protein density. 29 Based on these observations, we hypothesized that underweight calves might show a different innate immune response to short transport than calves with normal body weight. Insights in the effects of short transport and body weight on preweaned calf immunity are useful for the development of preventive programs for the veal and dairy industry, resulting in reduced antimicrobial need/consumption.
Therefore, the objectives of this study were to determine (1) whether a short (2 hours) transport induces a stress response or altered white blood cell (WBC) dynamics and function in 2-to 4-week-old dairy calves and (2) whether these responses are affected by the body weight of the animals.
| MATERIALS AND METHODS

| Study design and animals
A randomized controlled field trial was conducted with a 2 × 2 factorial design and a 1 : 1 allocation ratio. Sample size was based on 1 of the primary outcome variables, the neutrophil reactive oxygen species (ROS) production test. To detect a difference of 2400 relative light units (RLU) between 2 test groups, with 95% certainty, 80% power, and based on an SD of 1200 RLU, 5 animals per group were needed.
The study was performed in August 2016 on a commercial dairy farm with 350 dairy cows, located in the province of Antwerp. Female calves born on this farm were raised for future milk production. Male calves were reared in another part of the farm for rosé meat production until 7 months of age. A total of 21 male Holstein Friesian calves were selected based on the first inclusion criterion age: not younger than 2 weeks and not older than 4 weeks. The second criterion was clinically healthy animals (temperature <39.5 C and no clinical abnormalities; special attention was paid to clinical signs such as diarrhea, depression, nasal discharge, eye discharge, coughing, dyspnea, and dropped ears). Both low and normal body weight calves originated from first and second lactation dams. The studied calves were pairhoused in igloos (1.8 m 2 per calf) with straw bedding. All calves received at least 5 L of fresh colostrum within 24 hours after birth.
Thereafter, feeding consisted of 2 times daily 4 L (500 g solids) of commercially available milk replacer containing 21% crude protein (CP) and 17.7% crude fat (CF) on a dry matter base in individual drinking buckets. In addition, a texturized calf starter (CP = 16%; CF = 2.8%) and hay was available ad libitum.
On the farm, we awaited a period when a sufficient number of calves was born in a short period of time (to limit the age differences).
The available calves were weighed the day before the experiment started. Calves were divided into "normal weight" (>46 kg) and "underweight" calves (≤46 kg) and randomized using Excel rand function (random number allocated to each calf, ranked from small to large and sequentially divided over each group) within their category (normal versus light) to be exposed to a 2-hour truck transportation. Four test groups were made: (1) LOWCON (n = 5), LOWTRANS (n = 5), NORMCON (n = 5), and NORMTRANS (n = 6).
| Blood collection
All calves were blood sampled at 6 time points: (1) just before transport At time point 0 hour (=immediately after transport), a total of 10 mL blood from the jugular vein of all calves was collected and divided between a 5 mL serum vacuum tube (for analysis of serum cortisol concentration, total protein, and protein fractions) and a 5 mL K 3 -EDTA-coated tube (for determining cell counts).
| Serum cortisol concentration, cell counts, and electrophoresis
Serum cortisol concentration was determined by a competitive electrochemiluminescence immunoassay and subsequent measurement of chemiluminescence by an automated analyzer (Cobas 6000;
Roche Diagnostics, Rotkreuz, Switzerland) at an accredited laboratory (Zoolyx, Aalst, Belgium).
Total WBC count, differential WBC (neutrophil, lymphocyte, monocyte, and eosinophil) count, and platelet numbers were determined using an automatic cell counter (ProCyte analyzer; IDEXX Laboratories, Westbrook, Maine).
The amount of albumin, α1-, α2-, β-and γ-globulins in serum samples was determined by solid phase extraction (Capillarys, Sebia, France) at an accredited laboratory (Zoolyx) using optimized settings for bovine samples. 30 Additionally, total protein content was measured colorimetrically on an automated biochemistry analyzer (Cobas 6000; Roche Dignostics, Mannheim, Germany). Quality controls previously run were within quality assurance specifications.
| Isolation of peripheral blood mononuclear cells
Heparin-blood (12. Merelbeke, Belgium), 100 IU/mL penicillin, 100 μg/mL streptomycin, 100 μg/mL kanamycin, 100 mM nonessential amino acids (Gibco, Merelbeke, Belgium), 1 mM sodium pyruvate (Gibco, Merelbeke, Belgium), 2 mM L-glutamin (Gibco, Merelbeke, Belgium) at 10 7 cells/mL.
| Isolation of neutrophils
Neutrophils were isolated as previously described. 5 In short, ice-cold heparin-blood (25 mL) was centrifuged at 1000g for 20 minutes at 4 C. Plasma, buffy coats, and approximately 2/3 of the red cell pack were aspirated and discarded. The remaining red cell pack was diluted to 25 mL with ice-cold PBS and underlayered with 12 mL Percoll (1.084 g/mL; GE Healthcare Bio-Sciences AB, Uppsala, Sweden) and centrifuged at 400g for 40 minutes at 22 C. PBS, mononuclear cells, and
Percoll were aspirated and discarded. Erythrocytes in the remaining granulocyte pellet were lysed with ammonium chloride and centrifuged at 800g for 5 minutes at 4 C. The pelleted cells were washed in ice-cold PBS and resuspended at 10 6 cells/mL in RPMI-1640 without phenol red.
| Production of reactive oxygen species by monocytes and neutrophils
Reactive oxygen species production was measured using a chemiluminescence assay as described. 31 ASA, Norway), a ß-1,3/1,6-glucan which is able to stimulate ROS production in these cells. 31, 32 Each stimulation was performed in duplicate.
Reactive oxygen species production was measured during 120 minutes using a luminometer and was expressed as RLU.
| PBMC proliferation assay
Peripheral blood mononuclear cells from normal and low body weight calves were stimulated with leukocyte medium supplemented with ConA and 50 μg/mL MG. The proliferation assay was performed as described. 32 The different agents were added (100 μL/well) to the wells 
| Cytokine secretion by PBMCs
To evaluate the effect of transport stress and body weight on cyto- 
| Statistical analyses
Results are presented as mean ± SD. Data were analyzed with SAS . 33 The models were rerun with the binary variable instead of the continuous variable. A maximum likelihood model with Satterthwaite approximation and a variance components covariance structure was used. Sampling time was added as the repeated within-subjects effect. Between-subjects effects were the test groups (LOWCON, LOWTRANS, NORMCON, and NORMTRANS). Post hoc comparisons were done with Bonferroni corrections. Normality of residuals was confirmed by the Shapiro-Wilk statistic and normal probability plots. Significance was set at P < .05, and .05 < P < .10 was considered a trend.
3 | RESULTS 3 showed significant lower albumin concentrations compared to all other groups (P < .001) ( Table 1) . Also, the session was significantly associated with the γ-globulin concentration of calves. In session 3, 80% (4/5) of the calves had failure of transfer of passive immunity (γ-globulin concentration <10 g/L), whereas in sessions 1 and 2, this was 25% (2/8). The session effect was significant for all protein fractions (P < .001). No other significant differences in serum protein fractions among the 4 test groups were detected.
| Animals and observations
.2 | Effects on serum cortisol concentration, WBC counts, and serum protein fractions
| Effects on WBC function
The LOWTRANS animals showed increased ROS production from 5 hours after transport onward ( Figure 3A-C) . Significant time and session effects were present for neutrophils in all models (P < .05). No significant effects of body weight or transport on ROS production by monocytes could be detected (data not shown).
To evaluate the proliferation response of lymphocytes, PBMC proliferation was measured in unstimulated cells and after LPS and MG stimulation. Both in unstimulated, LPS, or MG-stimulated PMBCs, no significant differences among the 4 test groups could be demonstrated. However, the γ-globulin concentration was negatively associated with PBMC proliferation in unstimulated cells (P = .06), and after stimulation with 0.3 μg/mL ConA (P < .03), 0.3 μg/mL ConA + 50 μg/mL MG (P = .01) and 10 μg/mL ConA (P < .001) as positive control ( Figure 4 ). The time effect was significant (P < .001) for 0.3 μg/mL
ConA but not for 0.3 μg/mL ConA + 50 μg/mL BG stimulation. The session effect was significant (P < .001) on any occasion.
| Effects on cytokine release by PBMCs
The increases in all tested pro-and anti-inflammatory cytokines and chemokine IL-8 in unstimulated PBMCs were highest 5 hours after transport and normalized 24 hours after transport (Appendix 1). In unstimulated cells, LOWTRANS animals showed significantly higher concentrations of TNF-α (275.6 pg/mL; 95% CI, 2.6-463.0; P = .02) compared to the LOWCON group. Also, IL-17A was increased compared to the NORMTRANS (106.0 pg/mL; 95% CI, 4.2-306.9; P = .03) F I G U R E 2 White blood cell counts of underweight and normal weight groups of calves after short transport of 2 hours or no transport. .5-368.3; P = .03) and IL-17A (344.9 pg/mL; 95% CI, 32.2-556.5; P = .04) concentrations 48 hours after transport and 5 hours after transport, respectively, which was independent from body weight.
After BG-stimulation, 48 hours after transport NORMTRANS calves showed significantly higher TNF-α concentrations compared to LOWCON animals (381.1 pg/mL; 95% CI, 37.2-632.1; P = .02) ( Figure 5 ). Neither transport nor body weight did affect any of the other studied cytokines. Time effect was significant in all models
T A B L E 1 Effect of body weight and short transport on serum protein concentrations (mean ± SD) in 2-to 4-week-old male dairy calves (n = 21) except for IL-10 (both LPS and BG), IL-8 (LPS only), and IL-6 (LPS only).
The session effect was significant in all models except for IL-17A
(unstimulated and LPS), IL-10 (LPS), IL-8 (LPS), and TNF-α (LPS).
Gamma globulin concentration was an important confounding or interfering variable in the relationship of body weight/transport and cytokine concentrations. In unstimulated PBMCs, γ-globulins were positively associated with IL-17A (P < .001) and negatively with IL-10 (P = .04). After stimulation with LPS, a negative association of γ-globulin concentration with TNF-α (P < .01), IL-17A (P = .02), and IL-6 (P < .01) was seen. Also after BG stimulation, an increasing γ-globulin concentration was associated with a decreasing IL-10 (P = .04) and IL-6 (P = .05) concentration. The difference in cytokine concentration between calves with low (<10 g/L) and normal (≥10 g/L) γ-globulin concentrations is visualized in unstimulated, LPS, and BG-stimulated PBMCs in Figure 6 .
F I G U R E 3
Reactive oxygen species (ROS) production of neutrophils from underweight and normal weight calves subjected to short transport of 2 hours or no transport. 
| DISCUSSION
In the present study, we demonstrated that young calves showed a classical stress response after short transport, which is comparable to older animals. However, the peak in serum cortisol concentration after 2 hours of transport was not as pronounced as in most previous studies in older animals or on longer transports. 5, 6, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] The observed lower stress response in this study might be due to the young age of the animals, breed, or character effects, but most probably due to a relatively mild stressor compared to previous studies. Transport was performed under ideal conditions, with a higher space allowance in the truck than required by EU legislation and possibly more animal friendly handling than under current commercial conditions. Calves were able to lie down, which has a stress reducing effect. 13 Previous studies in older F I G U R E 4 Cytokine production in low body weight and normal body weight dairy calves after short transport of 2 hours or no transport. Previous studies demonstrated that oxidative burst activity of neutrophils from stressed animals due to transport is lowest at the time neutrophilia peaks, 37 followed by enhanced activity (rebound effect) 96 hours after transport. 19 In the present study, we observed similar effects: ROS production was lowest in both low body weight groups 5 hours after transport, followed by increased ROS production mainly in LOWTRANS calves until 48 hours after transport in unstimulated (P = .07) and PMA stimulated (P = .07) neutrophils, in MG-stimulated (P = .09) neutrophils until 24 hours after transport.
Owing to a large individual variation in the ROS production, only slight differences between test groups existed. However, the observed activity in neutrophil ROS production is in accordance with previous work in older cattle. 12, 19 After ex vivo stimulation with LPS, PBMCs of the transported groups produced more IL-17A and TNF-α compared to the control groups. Because TNF-α is a major pro-inflammatory cytokine, chiefly released by activated macrophages, it acts on several different signaling pathways to regulate activation of inflammation. 38 Upon activation, it can also be produced by other cell types such as T-lymphocytes, natural killer cells, monocytes, or dendritic cells present in the PBMC fraction. These findings agree with research in older cattle, where TNF-α concentration was increased 48 hours after transport. 19 Also, IL-17A is considered to be a predominantly pro- crucial roles during stress responses and host defense. 42 Early IL-17A production activates several signaling pathways that in turn lead to the induction of chemokines which recruit monocytes and neutrophils to the site of injury or pathogen invasion, promoting inflammation. 43 For this, IL-17 acts in concert with TNF-α, IL-1, 40 and IL-6, 42 cytokines which were numerically increased in low body weight groups and the NORMTRANS group after transport in LPS or BGstimulated cells or in both stimulations (Appendix 1). Moreover, the function of IL-17A is not only pro-inflammatory, because it also protects the epithelium by stimulating the production of antimicrobial and adhesion molecules by epithelial cells lining the mucosa. 44 For the second part of the hypothesis, we examined the influence of calves' body weight on transport stress. We expected that the Results are shown as mean ± SD; * represents a significant (P < .05) effect between groups underweight animals. Also, the observation that 5 hours after transport unstimulated as well as LPS-stimulated cells of underweight calves exhibited comparable concentrations of cytokines when exposed to stress points in this direction (Appendix 1). Whether this proinflammatory state leads to better protection or excessive inflammation in these animals is currently unknown.
To explain the observed differences between transported and control animals and low and normal body weight calves, the most likely mechanism is the effect of serum cortisol concentration. Depending on the concentration, cortisol can have suppressive, stimulatory, 45, 46 and also preparatory effects 47, 48 on the immune system. Preparatory effects can be observed when a transient (hours) in vivo exposure to stress-induced GC concentrations is followed by a return to normal, basal concentrations 47 and are caused by transcriptional and phenotypic changes in immune effector cells that prime them for enhanced responses to a subsequent immune stimulus. 48 These effects typically manifest several hours after transient exposure to stressincreased GCs and might last for up to a week. 49 They appear to enhance an organism's resistance to a subsequent stressful event,
for example, injury or infection with pathogens, 47 and involve both innate [49] [50] [51] and adaptive immune cells.. 52, 53 In our study, prepara- There are many possible explanations on why animals have a low body weight for their age such as genetics, 55 fetal programming effects (eg, heat stress, maternal influence), 56 nutritional plane, and disease. Because both underweight and normal weight calves consumed the same amount of feed, nutritional plane is likely not the reason why some calves remained/became thin on this farm. Disease resulting in reduced feed uptake and energy/protein loss as a result of maintaining an acute phase response is a major factor of influence on growth and body weight. 57 The significantly lower albumin concentrations in the LOWCON group were most likely caused by not meeting nutritional demands due to loss of appetite, increased protein loss due to enteritis, or a combination of both conditions, because especially this group was affected by diarrhea. The higher albumin concentration in transported animals could be due to transport, although such effect did not occur in the calves with normal body weight.
Gamma globulin concentration was of major influence on several of the outcome variables studied, such as cortisol release into serum, PBMC proliferation and the production of IL-17A, TNF-α, IL-6, and IL- 59 In this study, calves with lower γ-globulin concentrations had higher concentrations of the pro-inflammatory cytokines IL-17A, TNF-α, and IL-6 after LPS stimulation. Most probably, in calves with sufficient maternal antibodies, the calf will be protected by these maternal antibodies resulting in an energy efficient process to control the threat, based on neutralization, opsonization, and phagocytosis. In contrast, in calves with low maternal immunity, activation of the innate immune system is needed, which is more energy/protein consuming at the expense of growth. Alternatively, the observed effects might be due to other colostrum-associated factors like easily digestible nutrients, hormones, and immunological components, including cytokines and maternal leukocytes. 35, 59 Then γ-globulin concentration would only be a proxy variable. Reber and co-workers showed that in contrast to calves fed with fresh colostrum from their own dam, cellfree colostrum induced a monocytosis and increased surface expression of CD11a, CD11c, and CD14. 35 These receptors are upregulated upon cellular activation and are likely good indicators of the calves' response to general physiological stress. 35 Because in our study all calves received fresh colostrum from their own dam, the observed effects on cytokine production and proliferation activity are most likely due to activation of innate immunity, in the absence of specific immunity (maternal antibodies). Although the present study illustrates the complex interplay among body weight, serum cortisol concentration, and colostrum uptake, it was not designed to unravel the relationship between these 3 variables.
The present study faced a number of limitations. The main limiting factor to increase sample size was the laboratory capacity (8 animals) for leukocyte function tests. To avoid possible time interference, the study period was limited to 3 weeks (=3 sessions). The study was conducted on a single dairy farm to avoid additional variation of feeding, housing, and environment. Immune variables have large variation; 60 therefore, some variables were underpowered in the present study. A consequence of opting for a single farm was that less variation in body weight was present. Therefore, an artificial cutoff of 46 kg was used to make the 2 groups. However, a weight of <47 kg was associated with a 2.4 times higher odds to develop hampered respiration. 26 An unforeseen limitation was the diarrhea episode, especially in the untransported animals. Finally, another unfortunate event which might account for some bias was that control calves (low and normal body weight) already showed a slightly increased serum cortisol concentration before transport. Calves at this farm were pair-housed in igloos and when 1 calf from the pairs was assigned to transport, the calf left behind probably experienced stress by "losing" their companion temporarily for transport. 
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